To evaluate the relationship between blood pressure and cerebrovascular death depending on body mass index (BMI) levels, we analysed a database of 9338 subjects from the National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged, which was originally conducted a baseline survey in 1980 and followed up in 1999. Relative risk (RR) and a 95% confidence interval (CI) of death from total stroke, cerebral infarction, and intracerebral haemorrhage after adjusting for age, sex, serum cholesterol, albumin, glucose, the use of antihypertensive agents, a past history of diabetes, BMI, smoking, and drinking were estimated with the Coxproportional hazard model in the BMI tertile groups of a representative Japanese population. Cutoff points of BMI tertiles are 21.2 and 23.8 kg/m 2 . The results indicated that a 10 mmHg systolic blood pressure (SBP) increase was associated with mortality from intracerebral haemorrhage at low and middle BMI groups (RR ¼ 1.38 and 1.23; 95% CI ¼ 1.17-1.62 and 1.03-1.47, respectively). SBP was positively associated with mortality from cerebral infarction in middle and high BMI groups (RR ¼ 1.19 and 1.21; 95% CI ¼ 1.06-1.33 and 1.06-1.38, respectively). The effects of diastolic blood pressure on intracerebral haemorrhage and infarction had the same tendency as those of SBP. These results suggested that the causal effect of blood pressure on stroke subtypes might be modified by BMI.
Introduction
Stroke was a leading cause of death in Japan until 1980, and is still one of the three major causes of deaths, although mortality from stroke has decreased considerably for several decades. [1] [2] [3] An above-mentioned decrease has especially been observed in mortality from cerebral haemorrhage. 2 Many studies have reported that hypertension is one of the most important risk factors in total strokes and a risk factor for all subtypes, such as intracerebral haemorrhage and cerebral infarction. [4] [5] [6] [7] [8] [9] It has been well elucidated that body mass index (BMI) is positively associated with blood pressure. 10 However, the relationship between BMI and stroke mortality or morbidity is still controversial. [11] [12] [13] [14] [15] Recently, there have been no significant differences in mean blood pressures between Japanese and Caucasian populations. 16 However, the proportions of stroke subtypes in Japanese and Caucasians are quite different; there is a much higher prevalence of cerebral haemorrhage in Japan than in Caucasians. 17 Furthermore, the mean BMI of the Japanese is much lower than that of Western populations. 16 Our a priori hypothesis was therefore that increased blood pressure is a risk factor in stroke and the combination of blood pressure and BMI would be a predictable marker of stroke subtypes in the Japanese general population. To investigate this hypothesis, we analysed the database from a 19-year prospective study of 9338 participants in the National Survey on Circulatory Disorders conducted by the Ministry of Health and Welfare in 1980.
Methods

Population
The present study was based on the National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged conducted in 1980 (NIPPON DATA80), the details of which have previously been reported elsewhere. [18] [19] [20] [21] [22] Briefly, a total of 10 546 community dwellers (4640 men and 5906 women) aged 30 years and over from 300 randomly selected districts participated in the survey, and were followed up until November, 1999. Of the 10 546 participants, 1208 were excluded for the following reasons: failure to follow-up (n ¼ 908), past history of stroke (n ¼ 110), and some missing information in the baseline survey (n ¼ 190). This left 9338 participants (4081 men and 5257 women) for inclusion in the analysis.
End point determination
The procedure for end point determination has been reported elsewhere. [19] [20] [21] Briefly, the underlying causes of death for Japan's National Vital Statistics were to be coded according to the 9th International Classification of Disease (ICD-9) by the end of 1994 and the 10th International Classification of Disease (ICD-10) from the beginning of 1995. Codes of 430-438 in ICD-9 and I60-I69 in ICD-10 were defined as death from total strokes, which included death from cerebral infarction (codes of 433, 434, 437.7a, 7b in ICD-9, I61 and I69.1 in ICD-10) and from cerebral haemorrhage (codes of 431-432 in ICD-9, I63 and I69.3 in ICD-10).
Permission to use the National Vital Statistics was obtained from the Management and Coordination Agency of the Government of Japan. Approval for this study was obtained from the Institutional Review Board of Shiga University of Medical Science (No. [12] [13] [14] [15] [16] [17] [18] 2000) .
Baseline examination
Baseline blood pressures were measured by trained observers with a standard mercury sphygmomanometer on the right arm of seated subjects after a 5-min rest. Hypertension was defined as a systolic blood pressure (SBP) of 140 mmHg or higher, a diastolic blood pressure (DBP) of 90 mmHg or higher, the use of antihypertensive agents, or any combination of these. Height in stocking feet and weight in light clothing were measured. The BMI was calculated as weight (kg) divided by the square of height (m). Public health nurses obtained information on smoking and drinking, and medical history.
Nonfasting blood samples were drawn and centrifuged within 60 min of collection. Serum total cholesterol and albumin were analysed in an auto analyzer (SMA12/60; Technicon, Tarrytown, USA) at one specific laboratory (Center for Adult Diseases, Osaka). The laboratory has been certified since April 1975 by the CDC-NHLBI Lipid Standardization Program of the Center for Disease Control and Prevention (CDC), Atlanta, regarding the precision and accuracy of its cholesterol measurements. 23 Serum glucose was measured by the cupric-neocuproine method with some auto analyzer. 24 
Statistical analysis
Mean values and the prevalence of baseline characteristics were calculated in each group according to BMI tertiles, and the differences were tested by analysis of covariance with adjustment for age and sex or w 2 tests. The cutoff points for BMI tertiles were 21.2 and 23.8. We computed geometric means (antilogarithms of the log-transformed mean) for serum glucose because the distribution of this variable was positively skewed.
Multivariate-adjusted RRs and a 95% CI for a 10 mmHg increment of SBP or DBP on mortality from cerebral infarction, intracerebral haemorrhage and total stroke were calculated using the Coxproportional hazard model adjusting for age, sex, serum cholesterol, albumin, glucose (log-transformed), the use of antihypertensive agents, a past history of diabetes, BMI, smoking (current smoker or not), and drinking (current drinker or not). We also did sex-specific analysis. RRs associated with a 10 mmHg increase in SBP or DBP were calculated.
The Statistical Package for Social Science (SPSS Japan Inc. Version 11.0J, Tokyo, Japan) was used for the analyses. All probability values were two-tailed with a significance level of Po 0.05, and all CIs were estimated at the 95% level. Table 1 lists the characteristics of the participants according to BMI tertiles in the baseline survey. Mean values of SBP, DBP, serum cholesterol, albumin, glucose, and the prevalence of hypertension, antihypertensive medication, past history of diabetes were higher in higher BMI tertiles. On the other hand, prevalence of current smoker was higher in lower BMI tertiles. Table 2 shows the crude mortality from total stroke, cerebral infarction, and cerebral haemorrhage. Mean follow-up period of this study was Different effects of blood pressure on stroke by BMI N Miyamatsu et al
Results
years (161 315 person-years)
. During the followup period, 311 deaths from stroke were observed, including 176 cerebral infarctions, 68 intracerebral haemorrhages, and 67 other types of stroke (subarachnoidal haemorrhage and unclassified). A 10 mmHg increase in SBP was positively associated with death due to total stroke, cerebral infarction, and intracerebral haemorrhage (RR ¼ 1.14, 1.10, and 1.26; 95% CI ¼ 1.08-1.20, 1.02-1.18, and 1.14-1.40, respectively) after adjustment for age, sex, serum cholesterol, albumin and logarithmic-transformed glucose levels, BMI, smoking and drinking status, current use of antihypertensive agents, and a past history of diabetes. The increase in DBP was also positively associated with total stroke, cerebral infarction and cerebral haemorrhage (RR ¼ 1.29, 1.15, and 1.66; 95% CI ¼ 1.17-1.42, 1.01-1.31, and 1.37-2.01, respectively). Coxproportional hazard model did not show any relation between BMI and stroke mortality (data not shown in the table). Table 3 shows the RRs for a 10 mmHg increase in SBP on mortality from total stroke, cerebral infarction, and intracerebral haemorrhage stratified by BMI tertiles. SBP was an independent risk factor for total stroke and cerebral infarction only in the middle and high BMI tertiles. This relation was not observed in the low BMI tertile. Concerning the mortality due to cerebral haemorrhage, it was clarified that an increase in SBP was an independent risk for mortality only in the low and middle BMI tertiles. These results were not substantially affected when DBP instead of SBP was included as an independent risk factor in the Cox-proportional hazard models (Table 4) . Results on sex-specific analysis were essentially on a par with the abovementioned results that were described in Tables 3  and 4 . 
Discussion
We clarified that increased blood pressure was associated with intracerebral haemorrhage mortality among participants with lower BMI levels, whereas it was associated with cerebral infarction mortality among participants with higher BMI levels. These results suggest that the causal effect of blood pressure on stroke subtypes may be influenced by BMI levels.
The present study revealed that blood pressure was a better predictable marker of cerebral infarction in the high BMI group than in the low BMI group. It has been well established that the metabolic syndrome due to visceral fat accumulation is a strong risk factor for coronary heart disease or nonhaemorrhagic stroke. [25] [26] [27] High BMI group showed higher serum cholesterol and glucose levels than other groups, adding to higher prevalence of past history of diabetes. Furthermore, participants with higher BMI levels may have more risk factors, which were not included in the baseline survey, compared to participants with lower BMI levels. For example, a large proportion of obese people have visceral fat accumulation, affecting insulin resistance, HDLcholesterol, triglyceride, and HOMA index which is a key factor in the metabolic syndrome. 28, 29 We assumed that the impact of blood pressure on cerebral infarction would be emphasized by the influence of these risk factors in participants with higher BMI levels. This multiplied impact of blood pressure is a well-known cumulative effect in the metabolic syndrome.
Some previous studies have reported that serum cholesterol is inversely associated with a risk of intracerebral haemorrhage. 20, 30 Participants with low BMI levels in the present study had lower serum cholesterol levels than those with high BMI levels (the difference; about 0.4 mmol/l). Although we did multivariate adjustments for serum cholesterol levels in the BMI category for specific analysis, participants in the lowest BMI group may have been affected by low serum cholesterol levels, one of the possible predictive marker for intracerebral haemorrhage. 31 The number of participants with low serum cholesterol level, for example less than 4.14 mmol/ l, 20, 30 was 224 (24.8%) from 904-hypertensives in the low BMI group and 171 (11.2%) from 1531-hypertensives in the high BMI group. Previous studies suggested a combined enhance effect, between 30, 32 Accordingly, more combinations of increased blood pressure and lower serum cholesterol might be observed in the low BMI group than other groups. This may partially explain why the relation between blood pressure and mortality from cerebral haemorrhage was intensive in lean people and weak in relatively obese people.
Another possible explanation for the evident effect of blood pressure on deaths due to intracerebral haemorrhage in the low BMI group was case fatality. Kurth et al, 15 reported that 25.3% of intracerebral haemorrhages were fatal whereas only 2.4% of ischaemic strokes were fatal. Furthermore, case fatalities due to haemorrhagic stroke were higher in the lower BMI group, although case fatalities due to ischaemic stroke were not affected by BMI levels. 15 These results suggested that fatal haemorrhagic stroke occurred more often in lean people. This may also explain the phenomenon we observed because the end point outcomes were only mortality in the present study. In addition, since the number of intracerebral haemorrhage death in the highest BMI group in the present study was lower than that in the other BMI group, the power might not be intensive enough. This may also explain why the relation between blood pressure and intracerebral haemorrhage in the high BMI group was not significant.
There are some drawbacks to the present study. First, we used National Vital Statistics based on death certificates issued by medical practitioners on the underlying causes of death. Stroke subtypes may generally be misclassified on death certificates. However, most stroke cases in Japan are referred to hospitals and computerized tomography (CT) scanning was performed on over 85% of stroke patients in the 1980s, even in rural areas throughout Japan. 33 Therefore, we believe that basing our analyses on the National Vital Statistics was sufficiently reliable. Second, since the present study was based on blood pressure and BMI measurements on the baseline survey only, the results might include regression dilution bias. Finally, we found blood pressure was not related to mortality from cerebral infarction in lean participants in the present study, although blood pressure has been regarded as the most important risk factor for stroke worldwide. [4] [5] [6] [7] [8] [9] A possible reason for this result in this study is the outcome criterion. We did not obtain any information on the incidence of stroke in this study, because the end point outcomes were evaluated based on death certificates. In addition, we were unable to estimate ischaemic stroke subtypes more precisely such as large-artery occlusive, lacunar, or cardioembolic infarction. Further studies by accurately diagnosing cerebral infarction, which is confirmed through imaging studies or autopsy, will be needed because case fatalities from these ischaemic subtypes might be varied. 34 In conclusion, the combination of high BMI and increased blood pressure might be a better predictive marker of cerebral infarction than blood pressure alone, whereas the combination of low BMI and high blood pressure might foresee cerebral haemorrhage well. Although it is important to control hypertension to prevent deaths due to stroke regardless of BMI, we should pay more attention to the relationship between blood pressure and BMI for the stroke subtypes at risk.
